(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
30 August 2001 (30.08.2001) 




PCT 



(10) International Publication Number 

WO 01/63804 Al 



(51) International Patent Classification 7 : H04B 10/12, 

E21B 47/12, 47/14 

(21) International Application Number: PCT/EP0 1/02 155 

(22) International Filing Date: 23 February 2001 (23.02.2001) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

00200672.4 



25 February 2000 (25 .02.2000) EP 



(71) Applicant (for all designated States except CA, 
US): SHELL INTERNATIONALE RESEARCH 
MAATSCHAPPIJ B.V. [NL/NL]; Caret van Bylandtlaan 
30, NL-2596 HR The Hague (NL). 

(71) Applicant (for CA only)'. SHELL CANADA LIMITED 

[CA/CA]; 400 - 4th Avenue S.W., Calgary, Alberta T2P 
2H5 (CA). 



(72) Inventors; and 

(75) Inventors/Applicants (for US only)'. HAASE, Mark, 
Christopher [US/NL]; Volmerlaan 8, NL-2288 GD 
Rijswijk (NL). STEWART, John, Foreman [GB/NL]; 
Volmerlaan 8, NL-2288 GD Rijswijk (NL). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CR, CU, CZ, 
DE, DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM, HR, 
HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, 
LS, LT, LU, LV, MA, MD, MG, MK, MN, M W, MX, MZ, 
NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, 
TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

[Continued on next page] 



(54) Title: HYBRID WELL COMMUNICATION SYSTEM 



< 




(57) Abstract: A hybrid, hardwired (4) and wireless (8) well communication system comprises a fibre optical, electrical or other 
signal transmission conduit (4) extending from the wellhead into the well and one or more wireless signal transducers (7) that are 
located at a distance from the conduit (4) and transmit wireless signals (8) to one or more signal converters (5) which are coupled to 
the conduit, and which are located near branchpoints (3) of a multilateral well. 



WO 01/63804 Al I II 111 II II H 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



WO 01/63804 



- 1 - 



PCT7EP01/02155 



HYBRID WELL COMMUNICATION SYSTEM 

Background of the Invention 

The invention relates to a hybrid well communication 
system and more in particular to a downhole system for 
transmitting signals in a hydrocarbon fluid production 
5 well. 

Currently known well communication systems are either 
hardwired or wireless systems. Wireless systems are 
disclosed in US patents No. 4,893,644 and 5,706,896 and 
in European patent No. 646304 and have the disadvantage 

10 that the acoustic or electromagnetic signals transmitted 

through the well tubulars and/or fluids passing 
therethrough can only convey a limited datastream through 
the well and that the signal to noise level of the 
transmitted datastreams is low. 

15 Hardwired downhole communication systems are able to 

transmit large datastreams with a high signal to noise 
level, but are extremely expensive and difficult to 
install and/or to modify and maintain after installation, 
in particular if the well is a multilateral well and the 

20 wires need to extend into different well branches. 

The system according to the preamble of claim 1 is 
known from UK patent application GB 2340520. This prior 
art reference discloses an unbranched well having a 
horizontal inflow section in which a series of wireless 

25 signal transmitters transmit signals in a bucket-brigade 

mode to a signal receiver at the bottom of the vertical 
upper part of the well, where the received signal is 
transmitted via a signal transmission cable. 

The known wireless signal transmitters transmit 

30 relatively weak acoustic or electromagnetic signals 

through the produced well fluids, which requires the use 
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of a series of transmitters along the length of the 
horizontal inflow region of the well. Such an arrangement 
would be impractical in a multilateral well since the 
signals transmitted in different well branches would 
interfere with each other. 

The present invention aims to alleviate the 
disadvantages of the known system and to provide a cost 
effective and flexible well communication system which is 
able to transmit large datastreams at a high signal to 
noise ratio and which can be adapted easily after 
installation to changing circumstances and to various 
types of equipment that may be installed during the 
lifetime of a well, in case the well is a multilateral 
well and one or more well branches are added after 
drilling and completion of the original well in which a 
communication system has already been installed. 
Summary of the Invention 

The well communication system according to the 
invention comprises : 

a signal transmission conduit for transmitting 
signals between a control unit at or near the earth 
surface and a downhole signal converter; 

a downhole measuring and/or control assembly, which 
is equipped with a wireless signal transducer; and 

wherein said signal converter and signal transducer 
are located at different depths in the well and form a 
wireless communication link between said converter and 
transducer, and 

the well is a multilateral well comprising a main 
wellbore and one or more wel lbranche s ; 

the signal transmission conduit extends from the 
wellhead into the main wellbore; 

at least one signal converter is located at or near a 
downhole branchpoint; and 
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a measuring and/or control assembly, which is 
equipped with a wireless signal transducer is located in 
at least one wellbranch away from the branchpoint. 

In such case the fibre optical or electrical signal 
transmission conduit in the main wellbore may serve as a 
backbone for the downhole communication network and a 
plurality of wireless radio communication links may form 
flexible extensions of the network which allow the 
downhole measuring and control equipment to be deployed 
and/or removed without requiring installation of 
additional wiring and making of cable connections 
downhole . 

The signal transmission cable may be an electric or 
fibre optical cable. In the latter case the signal 
converter may comprise a piezo-electric or 
electromechanical signal transmitter at a well 
branchpoint and an acoustic sensor based on fibre-bragg 
or Fabry-Perot type sensor which is embedded in the fibre 
optical cable near said well branchpoint which transducer 
is adapted to transmit modulated acoustic waves to the 
acoustic sensor in response to wireless signals 
transmitted by the downhole wireless signal transducer. 
Alternately, the signal converter may comprise of an 
electro-optic converter wherein electrical signals are 
converted to modulated light and guided onto a single 
optical fibre and sent to the surface. Modulated optical 
signals from the surface are received by the signal 
converter, separated into distinct wavelength components 
using filters or diffraction gratings. The multiple 
wavelengths are then caused to fall on an array of 
optical detectors spaced according to the individual 
wavelengths to be detected and decoded. The multiple 
decoded signals are then encoded, multiplexed and 
transmitted to the downhole measuring and control 
equipment . 
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Description of a preferred embodiment 

The invention will be described in more detail with 
reference to the accompanying drawings, in which: 

Fig. 1 shows a multilateral well equipped with a 
hybrid well communication system according to the 
invention; and 

Fig. 2 shows a multilateral well equipped with an 
alternative embodiment of a hybrid well communication 
system according to the invention. 

Referring now to Fig. 1 there is shown a multilateral 
well having a main wellbore 1 and a branch wellbore 2, 
which wellbores intersect at a branchpoint 3. 

The main wellbore is equipped with an electrical or 
fibre optical signal transmission conduit 4. This 
conduit 4 may be permanently embedded in a cement lining 
around a well casing or be arranged in an annular space 
surrounding a production tubing or be arranged inside a 
production tubing or liner as is illustrated in the 
drawing . 

At the branchpoint 3 the conduit 4 is equipped with a 
signal converter 5. The branch wellbore 2 contains 
measuring and/or control equipment 6, such as a 
flowmeter, valve, formation or seismic sensor, which is 
equipped with a wireless signal transmitter 7 . 

The signal converter 5 and signal transmitter are 
each adapted to transmit and receive electromagnetic 
radiof requency signals and thus form a wireless link 8 
along a substantial part of the length of the branch 
wellbore 2. The signal converter 5 converts any wireless 
signals received from the transmitter 7 into equivalent 
electric or optical signals that are then transmitted via 
the conduit 4 to a measuring and control station (not 
shown) at the wellhead (not shown) and vice versa. 
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Referring now to Fig. 2 there is shown a multilateral 
well having a main wellbore 11 and a branch wellbore 12 
which intersect at a branchpoint 13. 

A fibre optical cable 14 extends through the main 
5 wellbore 11 and is equipped with multiple fibre bragg 

gratings 15 near the branchpoint 13, which gratings 15 
reflects light with wavelengths equal to the grating 
width while all light of differing wavelengths continues 
to travel through the fibre optical conduit 14. 

10 A piezo-electric transducer 16 is located at the 

branchpoint 13 and transmits modulated acoustic waves 17 
to the fibre bragg gratings 15, which initiates 
variations in the wavelengths of the optical signal 
reflected thereby. 

15 The piezo-electric transducer 16 is equipped with an 

antenna 18 which receives electromagnetic signals 
transmitted by a signal transmitter 19, such that the 
transducer 16 and transmitter 19 form a wireless 
electromagnetic link 20 in the branch wellbore 12. The 

20 transducer 16 and fibre bragg gratings 15 form a wireless 

acoustic communication link at the branchpoint 13, 
whereas the fibre optical cable 14 forms the hardwired 
communication link in the main wellbore 11. Various 
wellbranches may be equipped with wireless communication 

25 links as described hereinbefore which may be linked to 

the fibre optical cable with various piezo-electric 
transducers 16. 

In the event that the signal converter is optically 
connected to the fibre optic cable (or electrical cable), 

30 optical signals may be separated into a plurality of 

constituent wavelength components using appropriate 
filters, mirrors and diffraction gratings. The multiple 
wavelengths are then caused to fall on an array of 
optical detectors spaced according to the individual 

35 wavelengths to be detected and decoded. The multiple 
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decoded signals are then encoded, multiplexed and 
transmitted to the downhole measuring and control 
equipment . 
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CLAIMS 



1. A downhole communication system for transmitting 
signals in a hydrocarbon fluid production well, the 
system comprising : 

a signal transmission conduit for transmitting 
5 signals between a control unit at or near the earth 

surface and a downhole signal converter; 

a downhole measuring and/or control assembly, which 
is equipped with a wireless signal transducer; and 

wherein said signal converter and signal transducer 
10 are located at different depths in the well and form a 

wireless communication link between said converter and 
transducer, 
characterized in that 

the well is a multilateral well comprising a main 
15 wellbore and one or more wellbranches; 

- the signal transmission conduit extends from the 
wellhead into the main wellbore; 

at least one signal converter is located at or near a 
downhole branchpoint; and 
20 - a measuring and control assembly, which is equipped 

with a wireless signal transducer is located in at least 
one wellbranch away from the branchpoint. 

2. The system of claim 1, wherein the multilateral well 
comprises a plurality of wellbranches, which each contain 

25 a measuring and control assembly which is equipped with a 

wireless signal transducer and wherein the signal 
transmission conduit comprises a plurality of downhole 
signal converters, which are located at or near the well 
branchpoints . 

30 3. The system of claim 1, wherein the signal 

transmission conduit is a fibre optical cable. 
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4. The system of claim 3, wherein the downhole signal 
converter is adapted for converting wireless signals into 
optical signals that are transmitted through the fibre 
optical cable and vice versa. 
5 5. The system of claim 4, wherein the signal converter 

comprises a pie zo-electr ic signal transmitter at a well 
branchpoint and a fibre-bragg or fabry-perot acoustic 
sensor which is embedded in the fibre optical cable near 
said well branchpoint which transducer is adapted to 
10 transmit modulated acoustic waves to the acoustic sensor 

in response to wireless signals transmitted by the 
downhole wireless signal transducer. 

6. The system of claim 4, wherein the signal converter 
comprises an integrated electro-optic device that is 

15 directly connected to the fibre optic cable. 

7. The system of claim 1, wherein the downhole signal 
transducer and converter are adapted to communicate with 
each other via transmission of electromagnetic signals. 

8. The system of claim 1, wherein the signal 
20 transmission cable is an electric cable. 

9. The system of claim 7, wherein the downhole signal 
transducer and converter are adapted to communicate with 
each other via transmission of electromagnetic signals 
through the wall of a branch well tubular that extends 

25 through at least part of the length of the branch well. 

10. The system of claim 9, wherein the branch well 
tubular is electrically isolated from the casing and/or 
other well tubulars that are arranged in the main 
wellbore . 
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